Background Potentially inappropriate antipsychotic use in long-term care (LTC) facilities has been the focus of significant policy and clinical attention over the past 20 years. However, most initiatives aimed at reducing the use of these medications have overlooked assisted living (AL) settings.
Introduction
The widespread use of antipsychotic medications in longterm care (LTC) facilities has been the focus of considerable clinical, research, and policy attention [1] [2] [3] [4] . This attention has largely been fueled by doubts regarding the effectiveness of antipsychotics coupled with concerns about associated adverse effects [5] , including death [6] and stroke [7, 8] , particularly when used by individuals with dementia [9] [10] [11] .
Government-approved indications for antipsychotics vary by country [12, 13] and have evolved over time with emerging research on older and younger populations [14, 15] . Health Canada approved indications specific to adults include use for schizophrenia and related psychotic disorders, bipolar disorders, and major depression as well as the short-term use of risperidone for aggression and psychotic symptoms in individuals with severe dementia of the Alzheimer type [16] . Regulatory bodies in both Canada and USA have issued warnings regarding the increased risk of death associated with the use of antipsychotics in older adults with dementia [17, 18] . Despite these warnings and reports that the drugs offer limited benefit to those with dementia [19] [20] [21] , various antipsychotics are frequently prescribed for unapproved indications, often to manage behavioral concerns associated with dementia [14, 22, 23] . Another major concern associated with antipsychotics is that their use is often continued long term in continuing care settings [24] , and frequently occurs without adequate medication review to re-assess appropriateness [25] .
Both the Canadian Coalition for Seniors Mental Health [22] and Choosing Wisely Canada [26] encourage the use of non-pharmacological interventions to address behavioral and psychological symptoms of dementia prior to the prescription of antipsychotics. With these recommendations, the aim of both groups is to limit adverse outcomes related to the use of antipsychotics among those with dementia, while recognizing that they may be the most effective option in some cases [21] .
The Canadian Foundation for Healthcare Improvement is supporting efforts to reduce potentially inappropriate antipsychotic use (i.e., use among those without a diagnosis of psychoses) through staff training and accreditation initiatives in LTC facilities [27] . As with similar initiatives in USA and Canada, [3, 28, 29] their focus is to enhance understanding of the drivers of antipsychotic use among LTC residents with the aim of reducing inappropriate use through targeted interventions [22] . However, compared with the LTC sector, there has been little research exploring antipsychotic use among older residents of assisted living (AL) settings, with no studies done in Canada. As recently noted by Zimmerman and colleagues [30] , AL facilities have typically not been included in initiatives aimed at reducing inappropriate antipsychotic use within the continuing care sector.
AL facilities aim to offer supportive care, emphasizing autonomy and privacy in a home-like setting. AL residents typically have substantial health needs albeit fewer compared with LTC residents. Data from USA and Canada indicate that rates of dementia are high in AL (upwards of 60%) [31, 32] . Within some regions, AL is viewed as a substitute for LTC facility-based care [33, 34] , but staffing levels are often lower with fewer skilled staff members per resident [35] [36] [37] .
With current research limitations in mind, the objectives of this study were to: (1) examine the prevalence of antipsychotic use, including potentially inappropriate use (using a definition currently employed by Canadian health and quality monitoring organizations) among older (aged 65? years) residents of AL and LTC facilities in Alberta, Canada; and, (2) explore and compare the resident and facility-level characteristics associated with antipsychotic use in these two care settings. We hoped to provide empirical data to assess whether AL facilities should be included in initiatives aimed at reducing inappropriate antipsychotic use among continuing care residents.
(publicly funded) assisted living (DAL) and LTC facilities in Alberta, Canada who were assessed and followed from 2006 to 2009. Resident assessments as well as interviews with family caregivers and facility representatives were conducted. For both settings, residents in participating sites were excluded if they were \65 years of age, recently admitted (\21 days), receiving palliative care (expected survival \6 months), and/or their participation was otherwise deemed inappropriate by staff or family. Approximately 18% of DAL (52/291) and 4% of LTC (9/227) residents were ineligible based on this last criterion, which included those in hospital at baseline. For residents capable of making their own informed decisions (as reported by facility representatives), written informed consent for participation was obtained by research nurses after an initial independent approach and introduction by facility staff. For residents with moderate to severe cognitive impairment (as determined by facility representatives) or with an enacted personal directive, written consent was obtained from designated surrogate decision makers.
DAL study participants were 1089 of 1510 eligible residents (72.1% response rate) from 59 participating (out of 60 eligible) DAL facilities. Of those not enrolled, 339 (22.5% of eligible residents) refused to participate and for the remaining 82 (5.4%) their legally designated surrogate could not be contacted. Age and sex were available for 364 (86.5%) of the 421 nonparticipants and showed a similar distribution (mean age 84.4 ± 7.1 years, 74% women) to that of participants (mean age 84.9 ± 7.3 years, 77% women). At the time of the ACCES, there were considerably more LTC than DAL residents potentially eligible for participation. Consequently, a random sample of 1731 eligible LTC residents was drawn from 54 facilities with a final sample of 1000 participants (57.8% response rate). Age and sex were available for 665/731 (91%) of nonparticipants and showed a similar distribution (mean age 84.7 ± 7.5 years, 67% women) to participants (mean age 84.9 ± 7.6 years, 66% women). Additional information regarding the ACCES study has been previously published [38] [39] [40] .
Ethical approval for the ACCES study was originally obtained from the University of Calgary Conjoint Health Research Ethics Board, the University of Alberta Research Ethics Board, and the University of Lethbridge Human Subject Research Committee. This ACCES sub-study was granted ethics approval by the University of Waterloo, Office of Research Ethics.
Resident Characteristics
Trained research nurses administered the Resident Assessment Instrument for Assisted Living or LTC Facility (interRAI-AL or interRAI-LTCF) among DAL and LTC residents (respectively) at baseline (2006) (2007) (2008) . These validated assessment tools capture information on residents' sociodemographic characteristics, health conditions, physical and cognitive status, behavioral problems, and use of medications and services [41] [42] [43] . A comprehensive list of all prescribed and non-prescribed medications taken by the resident over the previous 3 days was captured by research nurses as part of the assessment through consultation with the resident and staff members (with examination of drug containers and facility drug lists where available and current).
Resident characteristics examined included age, sex, dementia diagnosis (along with treatment status by acetylcholinesterase inhibitors and/or memantine), diagnosis of depression, diagnoses of other psychiatric conditions (schizophrenia, bipolar disorder, anxiety), presence of delusions and/or hallucinations, diagnoses of cardiovascular conditions (hypertension, coronary heart disease, congestive heart failure, peripheral vascular disease, cardiac dysrhythmia, valvular stenosis, venous thromboembolism or lipid abnormalities), diagnoses of cerebrovascular conditions, number of medications (excluding antipsychotics), history of falls, length of stay in facility, location prior to admission, history of inpatient hospitalizations and/or emergency department visits, frailty status (based on comparable 86-item [DAL] and 83-item [LTC] Frailty Index [44, 45] measures derived from the respective interRAI assessment tools and with cut-off points of [0.3 for frail, 0.2-0.3 for pre-frail, and \0.2 for robust), aggressive behavior (modeled on the interRAI-derived Aggressive Behavior Scale [46] ), elopement attempts, wandering behavior, use of physical restraints, use of antidepressant medication, use of anxiolytic medication, and use of hypnotic and/or sedative medication.
The main outcome was current antipsychotic use, defined as use of one or more medications classified as an antipsychotic (included those used pro re nata) by the Anatomical Therapeutic Classification system, based on the assessment of medication use performed by study nurses as described above.
Sensitivity analyses were conducted to examine the prevalence and correlates of potentially inappropriate antipsychotic use in both settings, and to compare these findings with those for overall antipsychotic use. For these analyses, potentially inappropriate antipsychotic use was defined using criteria adopted by the Canadian Institute for Health Information [47] to permit a comparison of our findings with existing Canadian data. Specifically, antipsychotic use was defined as being potentially inappropriate when it occurred in the absence of a diagnosis of psychosis (schizophrenia) or Huntington's disease, and/or symptoms of delusions and/or hallucinations. Residents with end-stage disease or receiving palliative care were excluded from the ACCES study.
Facility Characteristics
For each facility, an administrator, manager, or director of care (i.e., someone familiar with the facility and with direct knowledge about the residents) was surveyed about midway during the 1-year follow-up period of the full ACCES study regarding baseline facility characteristics. Facilitylevel variables considered included the presence of designated dementia beds in the facility, for-profit/not-for-profit ownership, status as part of an AL and/or LTC chain, availability of other levels of care on site (including LTC and acute care beds), availability of licensed practical nurses and/or registered nurses on site 24 h a day/7 days a week, affiliation of a physician with facility, involvement of a pharmacist within the past month, and the health region in which the facility was located. It should be noted that health region (as defined at the time of the ACCES study) captures provincial variation in health policies, services, facility types as well as community size and urban/rural status.
Analytical Approach
Descriptive analyses were conducted to examine the distribution of baseline resident and facility characteristics (overall and associated with antipsychotic use) among DAL and LTC residents. Resident and facility-level characteristics were assessed for their association with prevalent antipsychotic use in bivariate analyses. Categorical versions of continuous variables were derived using cut-off points based on the sample distribution and previous ACCES reports [38, 40] . These associations were further examined using generalized linear models with a binomial distribution and logit link to estimate odds ratios (ORs), also accounting for clustering with generalized estimating equations. Variables considered relevant based on the initial age/sex-adjusted models (p \ 0.05) and existing literature [48] [49] [50] were considered for inclusion in a multivariable model to adjust for potential confounders and identify variables independently associated with use of antipsychotics. Resident variables included in the final model were assessed using bi-directional stepwise selection; those that remained significant with p values \0.10 were retained in the final model to permit comparison across settings for selected variables, including variables potentially limited by small cell sizes in a particular setting. Owing to relatively high correlations among facility characteristics, each facility-level variable was examined in a separate model adjusting for all relevant resident-level variables.
For the LTC models, frailty status was considered as a binary variable (with robust and pre-frail residents grouped compared with frail residents), owing to the small sample of robust LTC residents using antipsychotics (n = 14).
All analyses were carried out using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).
Results
In both DAL and LTC, the mean age of residents was 84.9 years and most were women (77 and 66%, respectively) ( Table 1) The distribution of resident and facility-level characteristics among DAL and LTC residents by antipsychotic use are shown in Tables 1 and 2 , respectively. Within each setting, antipsychotic users had a lower mean age, and the proportion of residents using antipsychotics was significantly higher among residents with dementia, psychiatric disorders, depression, delusions and/or hallucinations, highest frailty level, more severe aggressive behaviors, and those who exhibited elopement attempts or threats, wandered, or used antidepressants, compared with residents without these conditions. Use of antipsychotic medication was also significantly associated with anxiolytic use, hypnotic and/or sedative use, physical restraint use, and history of falls among LTC (but not DAL) residents. Among DAL residents, antipsychotic use was significantly less prevalent in those with a reported diagnosis of cardiovascular or cerebrovascular disease whereas among LTC residents, use was significantly less prevalent among those with a diagnosis of cerebrovascular disease only. Antipsychotic use was more common among residents who had lived in DAL for a longer period of time, but no such association was observed among LTC residents. Table 3 presents findings regarding resident characteristics associated with antipsychotic use from fully adjusted Adjusting for resident characteristics and exploring each of the facility characteristics in separate models, the presence of designated dementia beds in the facility was significantly associated with antipsychotic use in DAL (OR 1.61, 95% CI 1.07-2.44) (Table 4) The results of the sensitivity analysis revealed fairly consistent associations between resident and facility characteristics and potentially inappropriate antipsychotic use across both settings, with a few exceptions (Supplemental Tables 1 and 2 ). Among DAL residents, cardiovascular disease was not significantly associated with potentially inappropriate use (unlike total antipsychotic use), while residing in a DAL facility that also offered a higher level of care (i.e., LTC, acute care) was associated with a lower likelihood of potentially inappropriate use (OR 0.67, 95% CI 0.44-1.04). Selected health regions also showed weaker 
Discussion
Approximately one quarter of DAL residents (26%) were using antipsychotics, a finding comparable to rates reported in USA (21%) [51] and France (28%) [48] AL settings. Antipsychotic use was slightly higher among LTC residents (32%) but consistent with the typical range of estimates reported for Canadian LTC settings (29-41%) [3, 52] . The prevalence estimates observed in both settings were considerably higher than those reported among community-dwelling older Canadians (4.4%) [52] . The majority of antipsychotic use in both settings would be considered potentially inappropriate (80.5 and 70.4% of use in DAL and LTC, respectively) according to Canadian guidelines. Although consistent with current Canada-wide estimates for LTC [53] , our observed prevalence of potentially inappropriate antipsychotic use in LTC (26.8%) is higher than that reported in recent years for LTC sites in Alberta (e.g., 21% in 2014-2015) [53] . This likely reflects a reduction in use secondary to targeted initiatives aimed at reducing antipsychotic use in Alberta LTC since the time of the ACCES study [54] . However, it is not known whether the prevalence of antipsychotic use in DAL sites, which were not included in the initiative, has undergone a similar reduction. Given their exclusion, there is cause for concern that the rate of potentially inappropriate antipsychotic use may be unchanged (or even on the rise) in this care setting.
Similar to previous studies, DAL and LTC residents with diagnoses of dementia [48] [49] [50] 55 ] psychiatric disorders [48-50, 55, 56] , and related behavioral symptoms [4, 48-50, 55, 57, 58] (specifically severe aggressive behaviors and recent elopement attempts/threats, in this study) were significantly more likely to use antipsychotics than residents without these conditions. The independent association observed for residents with dementia (even after adjusting for, or excluding cases of 'appropriate use') raises concerns about suboptimal prescribing practices and possible risks for adverse health outcomes in both settings. Among LTC (but not DAL) residents, use of physical restraints was also independently associated with antipsychotic use (OR 1.35, 95% CI 0.97-1.89), possibly reflecting the higher prevalence of restraint use in the LTC vs. DAL setting. The combined use of physical restraints and antipsychotic medications has been linked to a higher risk of functional and cognitive decline among older adults with dementia [59] . Should AL facilities continue to evolve as a preferred residential setting for older adults with dementia [32] , there will be a heightened need to monitor changes in the prevalence of both inappropriate physical and chemical restraints.
Although no independent association was identified between antipsychotic use and length of stay in a French AL study [48] , we found that a greater length of time spent living in DAL (but not LTC) was positively associated with antipsychotic use. This observation may be related to worsening of behavioral symptoms over time among DAL residents (not detected by the assessment tool). Alternatively, it may point to the relative absence of skilled staff, ongoing clinical oversight, and prescription reviews in these facilities [35] [36] [37] , an issue that has been noted as a source of concern with respect to potentially inappropriate medication use [60] , including antipsychotic use across care settings [25, 61] .
In a previous study of older patients discharged to residential care from acute care [62] , those who were identified as frail (by the Frailty Index) were at a significantly increased risk for prescription of potentially inappropriate medications. Similarly, we found that both DAL and LTC residents identified as frail were significantly more likely to use antipsychotics even after adjusting for some of the clinical components of frailty (e.g., cognitive impairment, comorbidities). This association may be explained by the social and functional deficits that are also used to derive the Frailty Index, as previous studies [50, 55, 57] have reported positive associations between antipsychotic use and measures of social isolation and activities of daily living impairment in LTC. It is also possible that the use of antipsychotics may have had a role in the development or worsening of frailty among residents. Because of the crosssectional nature of the study, it is not possible to draw conclusions regarding the direction of these observed associations. Nevertheless, given the increased risk of adverse outcomes associated with frailty [63, 64] , antipsychotic use in such vulnerable older residents raises concerns. Frailty status has been observed to act as an effect modifier of the association between antipsychotic use and hospitalization risk, with frail individuals being more likely than non-frail or pre-frail individuals to be hospitalized when using antipsychotics [65] .
Within both settings, we observed a significant positive association between the use of antidepressants and antipsychotics whereas a similar independent association was not observed for those with a depression diagnosis, suggesting a tendency toward the use of multiple pharmacological interventions [66] to manage behavioral symptoms in DAL and LTC residents. As might be expected from past research [49] , this was most evident among LTC residents where there was a significantly increased likelihood of antipsychotic use for those also using anxiolytics and hypnotics or sedatives.
The inverse association between antipsychotic use and cerebrovascular disease (also reported in previous studies [48, 55] ) and cardiovascular disease among DAL residents may indicate a trend toward responsible prescribing decisions given the reported risk of sudden cardiac death [6] and stroke [7, 8] associated with antipsychotics (although the association with cardiovascular disease did not remain statistically significant when considering potentially inappropriate antipsychotic use). Similar associations were not observed among LTC residents, a finding which may point to less cautious antipsychotic prescribing in LTC, but may also be explained by the greater complexity of LTC residents, leading to challenges in optimizing medication use for individual resident needs.
Contrary to previous US research [49] , we found few significant associations between the various facility level characteristics and overall antipsychotic use among both DAL and LTC settings. In this regard, our findings are more consistent with recent data from residential care facilities in New Zealand [58] . However, the capacity to detect facility-level associations in our study and the New Zealand [58] study may have been limited by the relatively smaller sample sizes (and potentially lower heterogeneity) of facilities, relative to the prior US study [49] . The significantly lower likelihood for antipsychotic use observed among residents from DAL facilities located in selected health regions may reflect unmeasured characteristics of these facilities given that considerable differences in antipsychotic prescribing rates have been observed between different aged care facilities (independent of resident characteristics) in several studies [67] [68] [69] . Involvement of a pharmacist on staff in DAL facilities was independently associated with a lower likelihood of overall (and potentially inappropriate) antipsychotic use among residents. Similarly, residents living in a DAL facility that also offered higher levels of care, and residents of LTC facilities with an affiliated physician were significantly less likely to use antipsychotics (when defined as potentially inappropriate). It seems plausible that direct integration of highly trained and knowledgeable practitioners into continuing care facilities (as well as enhanced resident-centered care) [58] may encourage more responsible and appropriate use of antipsychotics among residents. As several of the above facility level factors may be modified, further targeted interventions to better integrate health care providers in DAL settings are warranted.
The finding that residents of DAL facilities with designated dementia beds were significantly more likely to use antipsychotics (overall and when defined as potentially inappropriate) was somewhat unexpected. One might hypothesize that the presence of such designated spaces might be associated with the presence of more highly educated or trained staff with expertise in the appropriate care of older vulnerable adults with dementia. Interestingly, a recent US study by Kronhaus et al. [56] also found that among residents with dementia, those residing in AL facilities with a memory care unit were significantly more likely to be prescribed antipsychotics than those from facilities without such a unit. The authors noted that a plausible explanation for their finding was the increased likelihood for more aggressive or disruptive behaviors among those residing in AL facilities with memory care units. However, our finding of a significant association between residence in a DAL facility with designated dementia beds and antipsychotic use, even with adjustment for the presence and severity of aggressive behaviors and other relevant clinical characteristics, suggests further investigation of the importance and impact of dementia special care units within the AL context may be needed.
Some limitations of our study should be noted. Because of its cross-sectional nature, no conclusions of causality can be drawn with respect to the observed associations. The assessment of antipsychotic use was restricted to active prescriptions and actual use in the last 3 days, which means that some residents with potentially relevant exposure (e.g., in past week but not in previous 3 days) may have been misclassified as unexposed at baseline. Similarly, it is not possible to say whether the findings are representative of residents' typical state. The definition of potentially inappropriate antipsychotic use employed in our study offers the opportunity for others to compare our findings with current reports on potentially inappropriate antipsychotic use across settings in Canada. However, this definition is relatively crude and may not reflect appropriate or inappropriate use at the actual patient or resident level. Additionally, data collection for the ACCES study occurred from 2006 to 2009; consequently, our findings may not represent the current state of care across AL and LTC in Alberta. As our study involved residents of designated (publicly funded) AL facilities in Alberta, the results may not be generalizable to private AL facilities or those located outside of Alberta. Our exclusion criteria and response rates should also be considered, particularly in relation to the potential limited generalizability of our findings to relatively more acutely or chronically ill residents in both settings. At the same time, we believe our findings are relevant and provide an important addition to the current knowledge base on antipsychotic use in community care settings. While acknowledging that changes in drug patterns may occur over time, our reported prevalence estimates for antipsychotic use in both settings are consistent with the current range of estimates noted for LTC settings across Canada [3, 52, 53] . As there have been very few studies of antipsychotic use in AL [30, 70] , and none to date in Canada, our prevalence estimates for this setting also provide an important benchmark to assess future trends in use as well as the impact of relevant clinical and/or policy interventions. This is especially important given that AL is emerging as a particularly attractive residential care option for older adults with dementia [31, 32] . Among the 19 studies included in a recent systematic review on care-delivery interventions to manage agitation and aggressive in dementia among residents of AL and LTC [71] , only one small study was from AL and it did not report the impact of the intervention on antipsychotic use [72] . The associations we observed between resident and facility characteristics and antipsychotic use are relevant and valid even if there have been recent changes in the prevalence of use. These observed associations have direct relevance to other care settings that may share similar resident, facility, or system characteristics (e.g., in demographics, clinical acuity, staffing, services, and clinical oversight).
In addition to providing important baseline data for the growing AL sector, the sample size, diversity of care settings, and availability of comprehensive resident and facility-level data (assessed by trained research nurses with standardized and validated tools) represent important strengths of our study. Further, we captured actual medication use by residents rather than relying on drug exposure data determined by prescription or dispensation claims. This represents an important strength given the common use of pro re nata orders for antipsychotics in these settings.
Conclusions
Antipsychotic use was observed to be prevalent among older residents of Alberta DAL (26%) and LTC (32%) facilities. Further, the proportion of antipsychotic use considered potentially inappropriate was higher among DAL than LTC residents. Despite some limited findings suggesting more cautious prescribing of antipsychotics among residents with existing (cardiovascular and cerebrovascular) risk factors in DAL vs. LTC, many of the resident characteristics significantly associated with antipsychotic use (including potentially inappropriate use) among LTC residents were also evident for those in DAL settings. Of particular concern was the finding of an increased likelihood of potentially inappropriate antipsychotic use among older and frail residents with dementia across both settings. Our results suggest that similar to recent successes in the LTC sector, there may be significant opportunity to optimize pharmacotherapy and reduce inappropriate antipsychotic use within AL settings via targeted policies aimed at enhancing the availability and integration of skilled healthcare providers and clinical services.
